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SUMMARY

e

At the request of the Air Materiel Command, an investigation was
"made in the Langley free-flight tunnel to determine the longitudinal
stability and control characteristics of models coupled together in a
tandem configuration for aerial refueling similar to one proposed by
: ‘ the Douglas Aircraft Company, Inc. Static force tests were made with
ifw %%-—scale models of the B-29 and F-80 airplanes to determine the effects
S of rigidly coupling the airplanes together. The Douglas configuration
differs from the rigid configuration tested in that it provides for some
freedom in pitch and vertical displacement.

The force tests showed that, for the bomber alone, the aerodynamic
center was 0.2l mean aerodynamic chord behind the center of gravity
(stable) but that for the tandem configuration with rigid coupling the
aerodynamic center was 0.28 mean aerodynamic chord forward of the center
of gravity of the combination (unstable). This reduction in stability
was caused by the downwash of the bomber on the fighter. The pitching
moment produced by elevator deflection of the bomber was reduced.approxi-
mately 50 percent by addition of the fighter. Some recent flight tests

. made in the free-flight tunnel on models in a similar tandem configura-
tion indicated that, with a hinged coupling permitting freedom in pitch,
the stability of the combination was better than that obtained with a

© rigid coupling and was about the same as that for the bomber alone.
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INTRODUCTION

At the request of the Air ‘Materiel Command an 1nvest1gatlon was
made in the Langley free-flight tunnel to determlne the longitudinal
stability and control characteristics of models coupled together in a
tandem configuration for aerial refueling similar to that proposed by
the Douglas Aircraft Company, Inc. Static force tests were made with
%%-—scale models of the B-29 and F=80 airplanes to determine the effects
of rigidly coupling the airplanes together. The Douglas configuration
differs from the rigid configuration tested in that it provides for some
freedom in pitch and vertical displacement. The effect of this differ-
ence in the restraint provided by the coupling was estlmated from the
results of previous flight tests of coupled airplane models in the

- Langley free-flight tunnel.

‘SYMBOLS

s wing area, square feet

wing mean aerodynamic.chord, feet

Nell

T tail length, distance from center of grav1ty to quarter
root—chord station of horizontal tail, feet

m » distance from center of gravity of the bomber alone to
center of gravity of the bomber—fighter combination, feet

n _ distance from center of gravity of the bomber-fighter com-
blnatlon to center of grav1ty of fighter, feet

v A _a1rspeed feet per second
P ‘ air den51ty, slugs per cublc foot ‘
q dynamic pressure, pounds per Square foot (? V?)
d ' _ . angle of attack of reference axis, degrees
\Bee iw.. downwash angle, degrees . . . .. .. .
6e . angle of elevator defléctibn,‘positive downsard, degrees.
C - 1ift coefficient (1ift/qs)
=SONTEDENDRAL
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"Cp - pitching-moment coefficient about airplane center of gravity

(Pltchlng moment/ch)

0L, rate of” change SF 1ift coefflclent with angle of attack,

per degree. (BCL]aa)

Cmg rate of change of pitchin -moment coefficient with angle
’ of attack, per degree aCm[Ba)

fcmée v'”‘ elevator effectiveness, rate of change of pitching-moment

coefflclent with elevator deflectlon, per degree (ac /aae)

e ‘rate of change of downwash angle with angle of attack,
. per degree

Subseripts:

.b bomber, B-29

f - fighter, F-80

W‘ ; o _ wing‘

t "~ horizontal tall

APPARATUS

The investigation was made in the Langley free—flight tunnel which

is described in references 1 and 2.

A three-v1ew drawing of the models used in the 1nvest1gat10n is v
shown in figure 1 and the physical characteristics are listed in table I.

. The weights of the .full-scale airplanes were assumed to be 140,000 and

15,300 pounds for the bomber and fighter, respectively.. - The ‘center of

fj”grav1ty of each model was assumed to be located at 0.26 mean aerodynamic

chord and the resulting center of gravity of the combination was at

0.92 mean aerodynamlc chord of the bomber. The F~80 model. represented
approximately a scale model of the F-80 prototype. 'The F-80 model was
coupled rigidly to the B-29 model by four adjustable arms wh1ch maintained

_.the same relative positions between the models as the Douglas coupling.
...The Douglas coupling incorporates ball-socket joints at the ends of the

e

parallelogram ‘linkage which permit freedom in vertical displacement. It

“also has shock units in the linkage arms which permit a certain amount of

freedom in pitch. These details were not duplicated on the model, however,
since they were obviously unnecessary for this investigation of the rigid

condltlon.
F
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FORCE TESTS

- The 1ift, drag, and pitching moment of the B-29 model with.the
horizontal tail on and off, of the F-80 model alone, and of the combi-
nation were measured through an angle-of attack range of -2° to 80,
Tests of the combination were made with the F-80 model in two positions
relative to the B-29 model: (1) directly behind at the same geometric
angle of attack as the bomber; and (2) behind and above the horizontal

- tail (coupllng linkage deflected 150) at the same geometric angle of
~attack as the bomber (fig. 1). .Elevator control effectiveness of the
.B-29 was measured for both the coupled and uncoupled conditions. Ele-
" yator settings of #5° were used. All coefficients for .the coupled con-
. dition are based on the wing area and mean. aerodynamic chord of the

B~-29 and-are referred to the center of gravity of the combination.
CALCULATIONS

The downwash .factor for each surface was calculated by comparing
the pitching-moment coefficient about the airplane center of gravity
produced by the surface while in the downwash field with the pitching-
moment coefficient produced by the same surface when 1solated from the-
downwash field. :

de

The downwash factor (1 - a—) at the tail of the bomber due to
. a’wh B

the bomber wing was calculated from the force-test data for the bomber
alone by the following approximate equation:

| (1 _ -c-lf-) & - (cmﬁ)'i'ail ‘Orvl“ (Cma)Tail 'oi“f
" wb

" - (éLa) rasa( )(S:w)

where (Cma)Tall on and v(CmG)Tall off are based on'the~w1ng area of

the bomber. The term (GLa)Tall .1s “the lift-curve slope for the ‘tail

when not 1n the downwash field of the wing and is based on'the tall
area., .

@
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The total downwash factor (l - QE) due to the beﬁber wing and
‘ da/wtb
Ctail on the fighter wing was calculated by the follow1ng approx1mate
equation:

(2)

o) .- ,’(cma>b;- (e = 12
| a)f(_)(sbw)

where (Cma)bf is based on the wing area and the mean aerodynamlc

1 chord of the ‘bomber’ and the center of gravity of the comblnatlon.

, In the determlnatlon of the contribution of the bomber tail to the
total downwash factor at the fighter wing, the downwash due to the-

bomber wing was assumed to be the same at the fighter wing as at the
bomber tail. Therefore,

1 -2 R
(_g.i)tbss.(__i)w.t_é - - (3)

. ( de\
1l - '—) .
‘d-q-wb

The error in this assumption is believed to be small since there is

.probably only a small gradient of (1 - ii-E) over the distance between
: wb .

the bomber tail and fighter wing.

" RESULTS AND DISCUSSION

_ The data obtained from force tests are given in -figures 2 and 3,

and the aerodynamic parameters measured from these data and the calcu-
lated downwash factors are listed in table II. Drag and pltchlng—moment
data for the F=80 model were unreliable because of the small size of the
model and low tunnel speed. and, therefore, are not presented. The values
listed in table II for de/dCL, Cma’ and CLa were given for the 11near

N portions of the curves (between 0° and L4° angle of attack) presented in
B i e L an flgure P s e e et e L e

’ The force tests showed that, for the bomber alone, the aerodynamic
center was 0.21 mean aerodynamic chord behind the center of gravity
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(stable) but that for the tandem configuration with rigid coupling the

- aerodynamic center was 0.28 mean aerodynamic chord forward of the center
of gravity of the combination (unstable). This reduction in stability

" produced by additién of the fighter to the bomber was attributed to the
effect of downwash from the bomber on the fighter and resulted from a
0.66-mean-aerodynamic-chord rearward shift of the center of gravity and
a 0.17-mean-aerodynamic-chord rearward shift of the aerodynamic center.
The stability of the combination was approx1mate1y the same for the two. -
positions of the F-80 tested.

The pltchlng moment produced by elevator deflection Cm6 of the

bomber was reduced approxamately 50 percent by addition of the flghter.f
(See fig. 3.) The rearward shift of the center of gravity reduced the
effective tail length only slightly and therefore had only a small effect
on the elevator effectiveness. The reduction in elevator effectiveness
was caused mainly by the action of downwash from the deflected elevator
on the fighter wing tending to produce an aerodynamic moment opposite to
that produced by the deflected elevator.

Since the force-test data were obtained with the rigid coupling, it
cannot be applied directly to the actual configuration proposed by
~_ Douglas which incorporates a flexible coupling allowing freedom in pitch
and vertical displacement. Some flight tests (the results of which are
unpublished) recently conducted in the Langley free-flight tunnel with
~models in a similar tandem configuration were made to show the effect on
longitudinal stability of introducing flexibility into the coupling.
These tests showed that, for any center-of-gravity location, the longi-
tudinal stability was improved by changing the rigid coupling to one
- freely hinged in pitch. 1In fact, for any given center-of-gravity loca-
tion, the stability of the model with hinged coupling appeared to be
about the same as for the bomber alone. On the other hand, with the
rigid coupling, longitudinal instability was encountered over a fairly
large range of center-of-gravity locations for which the bomber alone was
stable. It appears therefore that the reduction in stability produced by
the addition of the fighter to the bomber as indicated by the force-test
- data may be minimized by 1ncorporat1ng a hinged coupling permitting free-
dom in pitch. However, to obtain a satisfactory quantitative estimation
- of the stablllty of this system, a complete theoretical analysis and
flight tests with the airplanes or dynamlcally scaled models will be
requlred. .

- CONCLUSIONS

R T s T L T A LT R

The reeults of the investigatioh_of'the static longitudinal stability
of a,tandem:coupled_bomber—fighter airplane configuration similar to one
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o proposed by the Douglas Aircfaft Company; Inc., showed that,'for the bom-

ber alone, the aerodynamic center was 0.21 mean aerodynamic chord behind

- the -center-of  gravity (stable) but.that for the tandem configuration with

rigid coupling the aerodynamic center was 0.28 mean aerodynamlc chord
forward of the center of gravity of the combination (unstable). This

" reduction in stability was caused by the downwash of the bomber on the

fighter. The pitching moment produced by elevator deflection of  the
bomber was reduced approx1mately 50 percent by addition of the fighter.
Some recent flight tests . made in the Langley free-flight tunnel with models

.of bomber-fighter coupled airplane conflguratlons indicated that with a

hinged coupling permitting freedom in pitch, similar to that provided in

“the Douglas system, the ‘stability of the combination was. better than that

obtained with a rigid coupllng and was about the same as that for the
bomber alone. . ‘ .

Langley Aeronautical Laboratory

National Advisory Committee for Aeronautics

Langley Air Force Base, Va.

Donald E. Hewes
Aeronautlcal Research’ Sc1entist

Approved: o%”"“ < 7‘4""‘9‘

Thomas A. Harris
Chief of Stability Research Division
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TABLE T

PHYSICAL CHARACTERISTICS OF THE <~ SCALE B-29. AND F-80 MODELS

20

Dlstance ‘between center of grav1ty of B-29°

- and F-80 when coupled, i T
Distance of center of grav1ty of coupled
conflguratlon behind center of gravity

0,fB-29,ft ".'v"_'"""v-"‘

Wing area, SqQ ft « « + « o ¢« + ¢ o o 0 o
Span, ft . ¢ ¢ 4 ¢ ¢ ¢ e 6 o s e e o e o
Mean aerodynamic chord, ft . . . «+ + + . .
Center-of-gravity locatlon, percent M A.C.

Horizontal tail area," sq,ft e e e e

. .

ARG A AR et L aREEERdene T clara O TJepies amttl L weiak s unew 5 e e

.. L.23
. . 042
B29 - F-80
.35 0.59
.07 1.95
6l 0.34
6.0 - 26.0
T 0.73

.33 - '0.105
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TABLE II
. AERODYNAMIC PARAMETERS OBTAINED FROM FORCE TESTS OF THE B-29 AND F-80

[A value of (CLy)y of 0.072 for the. bomber tail

was estimated from data of reference BJ :

Ay Py

Configuration L, oﬁma)Tail off - (Cma)Tail on EEE .
: o 1. . : L

(RN

-3

f :

B-29 0.113 .~ 0,010 | -0.026 - | —0.21

F-80 0,089 | mmemm | e |

‘ Coﬁplede*29 R  _____ ———— . ‘
e et 0.122 - - | o©.28

CALCULATED DOWNWASH FACTORS
(1';'95) . = 0.70. T - (bombér wing on tail)

“(l - QE)_ - = 0.18 ‘ (bomber wing and tail on fighter wing)
' wtbh - ‘

(1,_ gﬁ)tb = 0.26 ‘ (bomber tail on fighter)

w e lempinal T e I R 0T TS TARBR ARl Tt e e 1Y o Ta o aara it e e
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Figure l.- Three-view draw1ng of the gs-scale B-29 and F-80 models used

for the investigation of a tandem—coupled bomber-fighter airplane
. configuration similar to that proposed by Douglas Aircraft Company.
i The two relative positions of the F-80 for the coupled configuration
= tested are shown. (All dimensions are in inches. )
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Figure 2.- Force-test dsta for the B-29 and F-80 models alone and for -
the coupled configuration.
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— - B-29 alone
——— B-29ond F-80 behind
——— B-29 and F-80 above "
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 Elevator effectiveness, CmJ -
o o

S

2 4 6 &8 0 sz
- Lil'F{ "‘Co'e[f/aent, CL l A

Figure 3 - Eleva.tor effectiveness ‘of the B-29 model for both the coupled |
: a.nd uncoupled conditions
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